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TE CHNI CAL NOTE NO . 904
.. ..

..

I THE STRE~T< “OF THIN-WALL CYLINDERS

. . . . .. 0“3? D ‘OROSS SECTION ““--
. . .. . ,,. .,.’
,:11(:.COMB.[NETIPlJR13BENDING AND TORSION

.. .. .. . .. ‘,
.

- By A, M.; Sherwood”
,.. . .,, .

,’ ,,
,. ,.”. ,.-. . SUMMARY ~

The ‘results of te.st#’of “56 cylinci~rg of D
section conducted in th~ Aeronautical Laboratory

-- -
.. . ..-_ _,

. . . ...-+-

... . . . .. .

—- ---
— ..-=..-. . .

cross ,_m_A_. . ‘.-:
of t’i8 - ..-*..-

Unive&sity o~ Maryland tire presented in thia report. ‘
.==--—-_—..w..-

The b&. cylinders were subjected to pure bending .and””t”o-r-
---—-- .._.-
...--”.—..--.—....-J

sio~al”’moment9 of”varyi”ri,g.proportions .”t? give the s.t~.eri~-tp..... ........
under comliined””-loading conditions. The average buc~lling
stress of these cylinders has ,been related to that of””

. __,_.-_J

circumscribing circular cylindqrs for conditions of pure
tio~.sfon “aridpur”e“’bending and t“he“eouation ‘of the i-nte”r~

——— ---

action ‘cu”rve””has~eeh determined for cofid”ition~-o-f‘corn”: – ““”~=

bifiedldading~ -“- ‘“. ; “ “. c
.__......-.—

,...,..,,,. . L. ....-,-. :,. ‘.”. .,.-..
,.. ., ,. .. . .‘. .-.”—

. .. . . . ., -—----.-. ...
‘, :.. . ‘SPECIMENS : ,.. . .. . ... ::..,:=--

‘“ “.~he “:teSt :sp’”ecimens.weTf3:.fo~rrne”d”byiiv””et.”flngtogek~er--- -

thin se.micylkndrical shee%s of aluminum alloy to fabri-
.,...?

cated channels of the same thickness in such a way that
—

the web of the channel formed a ~iarnqter of the cylinder?”. ‘-” ‘
The specimens were &are.ftilly”c,titand-fitt&dov6”r-%he erid’ “-”–“--
bulkheads through which the loads were applied and- were”” ‘ -=

held in place and riveted with the aid of a. sirn~le jig.
—- ---- —-

The”r’t~et.’swere.:s-paced on ~-inch centers a,nd it was olI-
--.-__.~..=-r._

served t-luring tests that itiitia”~’b~ckle”s of lhe” specimens ----

occurred ‘as frequ”e:ntilyat rivets” as” between them’. The te8t8- - ...._
waT~: e,ondfich,ed”:unc~lin&ews .’f~brlca.tedof t’wo-sheet thi::k-. ..

.-.—

118.SS’eS1 ~,twm size’s :Of:fir:bss-se”ction$”” amd with lengths vary-” --
ing”,.from. &:t.,ol20 inches. ‘;The s~scim”ens were carefully fp-
speb.te&*”p:rior,to “.~ast to fusi.tr.e-.a close””f’it on t-he end” ““’“-- “–”
bulkheaib a-ntVthe a%sehce~ of wrinkle $.. ; .

--- ..- ,—.:. &
.-. ...- m., .’.. ..’/,’””,”.-:.:.’-”’”

..- ..._.,._-..+., .. .““
.:.,...,~,. . .’...,,......... ,. ,$ ..”-,. --.— .-:_.—., ..... .-,-.. =——.=--.. :,=,.=. __:..-__.-.=

. . =—.
‘,

,. .> ..-,... . . . . . . .. . ----
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MATERIAL ‘

The 248-.TLslieet.uied in these .t.”estmwas supplied in
nominal thicknesstis’o”f .0~O125 inch &nd 0.020 inch by the
Aluminum Comp~ny of Americ.aj The average thickness of
the sheet used in each specimen w~.s determined by means of
a dial gage graduated in ten-thousandths mounted On a
special jig.. The average of readingti at t-hree or four
points on each specimen is recorded in the data. It,was
found that. the average deviation from meau values .pf ~~0115
inch and 000182 inch for the two ;hickq.esses usedWa6,=lef39
than G,0001 arid so these a%erage ialueg were” u&ed in all
calculations.

The modulus o&elasticity wai “determined $rom me~s- ~
urements made on four specimens o-f”each tqi.ckn-ess “milled
accurately to a..l~--inch width, The grips were fast=ned
to the ~pecim=en with five maahine,,?orews passing through
jig d.r.illed,holes.and loaded through pin Joints as shown
i-nfigure 6, The free distance between grips “Wa? 3+

inohes.
..

Loading was applied in a testfiin”gm“iich”inewith strain
measured by means o-fa Tuokerman etrain gage mounted on
one si-de of the sheet only. This ‘procedure”~w.as felt .to
be justifiable. since the specimens: were oar”efu!lY in-.
speoted f~r bends aid wrinkles and the strain was not
read until an initial stress of at” leaet 3000 pounds per
square inch was applied.

.. . An avetia.gevalue of 10,.5 ,x 10= w.~~ obtained for t-he
thtrcner,sheet and 10.9 x l“O.bfor the thicker :sheet.

,,, ,,‘.
.. ,.

APPARATUS AND’METHOD ,.
.,.

!,.> . . . .-.’-.
“ Tha testing machine that was used. appears in figures

2a and 2b, This design is verY similart.o the one used
by .I)onnell in his tests on circular .bylinders -(reference
1).”” The loadtng was =“cdorn&lished with a~curately ca3i-

. brated lead w.eight.a, which were applied in inc~.ament= of
,,Iess.’’than.2 percent of .estima.t-ed.lo-adati failure. Frio-

ti~n-.was :ke,ptnegligibly small throtighthe use .ofiball “..
universal joints and ltn”ifeedges atal.1 points aubje”ct’tO
relative motion, The specimens were clemped 3.0 forg?ed
bulkheads consisting of a plywood core Yetiwe-en twO plates
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,

~ of ~-inch steel accurately machined to the ha”lf-circle
contour. A flexible steel band encircle.tland clamped the

.—

specimen in placel-with a eteel strip supporting the legs _.
● of the channel section against collapse.” 1.$will be noted

that the tora,ue arm is. so positioned wi.t.hrespeet”t-o the
universal joint that a torque load will produce a sm-”all
%ending moment as well, This moment was..c~ntera~ted- %y
the application of an appropriate bending load fo? the .’.
specimene tested in ‘pure torsion,”” ““-’-“ : ‘ - :

.i... .—,. .-.. . ...____---- -.
In examining t“he method of application of the” exter-

nal loads, it will be no-ted that ther-ben7Eing::momentL is
constant along the teG”t ~peci.rne.n”a’ndthat t%ere i’s %here-
fo”rk no transverse shear which rnight-ptherwihe oom>in”e
with the shear: stress”ek””ewi’ng to ttirsion p.$o~ucing” ~ail-
ure at lower loads. In addition, one end of the machine
is supported on rollers precluding an axial load which

—

,would otherwise p~od”uce a ‘gtress y“hich would”co”mbine with
the bending stress. On the. other hand, the method of
clamping -the specimens to the end bulkheads produced
secondary lending stresses which, to some extent, affecte?i- ‘

........

the results. This error is ‘considered ~~’g~ig$b.le...int~e
analysis to follow since the specimens tested were fitted
very carefully over the en&-%Ulkhead~ wl%h ’no’perceptib~e
wrinkles resulting from the tightening of the clamps,
Several syecimene were rejected prior to t;e9t”h“e”cauke.O-f
failure in this regard,

In the specimens tested in pure torsion a.diagonal.
wrinkle appeared in the web of the specirnen”-at “aV“8ry Tow
load and continued practica~l~ unchanged until failure.
Most of these failures appeare~””ti~ry near- t“he clam-~s. “. “-–

.. ..__

In the>casebf ~he ’’faiIure”s”mf.”the $pecime.ns in pure
‘bending, a ripple;apjear~d in-thelegs of the channel and ‘“” ~~=

“ the final buckle developed on” the compression side Or the
speeimens almost+ariywher~ batween the clamps.

.,... . .. ,.. -.:”. —--—. .-—
.’ Judgingby the :relatite ’movement s of.the torque an”d

bending-moment arms oft--the.“machine up -to failure, the
‘failure was dusprirnarily to torsibnal Sli6a.rwh~revtir
foraional-gtress”rat$~ :~,>-as .indicat~d In figure 7*
greater than 0.25;’ .;*””-‘. ‘ i.” “- : .--+----

. . . . ,.. ,..,.
,“ bISC?J~SION 02? FKdSULT5.. , ,~..... ,. ,’.

. :., ‘... . . ..

.

~.-—.’
—

—.. -.

— —.—
Since the author found only one other re7erenCe to

4
tests on thin tubes of this type, it was considered .
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.
d~~.irahle” ib”r”elkt~ th”e”s“tr.6ngt-h’aof”“t”h,es~.tubes to thoee
of circular c.ylinde’rs.

...-. .
,..

The unit shearing strass” re~ui~in~>” frOm. ‘Ghe .5.”p.p.~~.ca-
tion of “a torsional load was calculatie~, by tP.e tti~.iliar..-...’ ,.,

formula” Efi’”“=‘%, where ~; i-~ the.torqup, load ~:t failure,,.,.. . . .: . .
A Is the enclos”ed area. of, the median line of the tiec%i”On,
and t is the average thickne~s .of the sheet. The unit
shear ing,.stress S, determined in this way from test re-
sults,. was then c!ompa~ed with the shearing stress of a
circumscribed .circwlar cylinder of the same. material” and
thickness as:g.iven by the medifiaation of--Donnallis fOr-
mula..appearing in the ANC-5 (formula 1J51)’;

.
.,

., . .,.
,, . ,,,

. ,. .,,.
.,..,.. ‘x‘w’:is’a:””~‘:”

. .

. ,-,, --., . .

diameter of cylind;r ‘ ‘. “
.,,,.’

thickness of oylinder ‘ .. . .......
., .... . .... ..... .,-.- ,“

lengt.’h:ofcylinder “ ‘~ .*.‘--- -
.. -.. .

unit buckling stress
.

:.
J .-,...--:,. .-,.,,,,’-- ,’ :...

constant .’r~.~~~ . s - ,’> .;...-’ ... .,- ,
.. .. .. . . .. .. . .. ,,. .: ’”” ,.,

E, modulus ofel-ast$ci’t$”’ “.“ .....’-’....

As ’shown. on figures 7.and ’8’,“th’e”tiest-’fesultsagree
satisfactorily: “with ‘the;v~lues c.a’l>culated”by the abo~e-
formula. u’sing ~a’v+alueof::.”K = O’+’QO.’“In”D~onhe’llrs report
(referenoe L) the.-corr”espamd”i’ngValue “of “-K”i.s given as
0;94 fcr circular oylinders to give comparable average
buckling.”s%res”ses. I% w“ill b“.e’h’o~’%dby’ referring to fig-
ure 8 that: the above .equa:ti.on’w’ith the” modified K value ‘
is not equally satisfactory .f,o’!raklva”lhes o’f L/r, %ut
it is felt, ’that the d’i’ffe$ence.“is n’o~ great “enough to
warrant a change in Donnell’s formula. ‘ : s

In oomputing the unit maxi,m,uq,COmYYe88iv~ stress ‘f
the specimens resulting from the ap~lication of.b.endin
loads, the familiar flexure formula was used: 7= MC 1.‘b.,,.,. . ...- .. .

;,, -‘, ‘,
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This ass~mes’ that the strei:’jv&iies linear 1~,wi~~ t~e dist-
ance from the neutral axis; which i.s,not ,in Age_riouserr-
or since there is:very littl,e &“&flec-Fion”or_.~istortion of

the cYlinder prior to, failure. ~ “ - - -..
:—- _

In developing a“~rabt~aal method fdr”~c”dlculati,ng the
,.

buckling unit stress of ‘cylinders of,this ehape, Ybfer-
ence was again made to *he ,treatment of c“irqular Qylinders.
A relation has beefi-de~eloped ‘b-y~und~uist, .in .NACA Tech-
nical Note No, 479 fcir the buckling unit Stress (s~) of

,. ... ,. ,
‘a Circulai “cy”lin&er in compre”ss-idn.as “fOllOws :

,,- ,,..,. . .. . ..,“ ,,
Sb = KbE ,.

‘b nondimensional COeffiCierlt depending on r/t , .<a.tio .
and imperfections of cylinder ..-

E modulus of elasticity of material ..,: .
,,

In this technical note, the close parallelism ~etween
,the buekLing .of .a.thin-wall circular cyl:>nd,er.im bending
an’d in c,omp,res,sio,nis shown. R.~f.erence is m“ad.e-to” NACA
Report Noa 473 by the same autho”r,’-wh’ic”hp“ro~oses the eQua--
tio,n..Sc .,=.,XC.P..fo-r the- st,rength,,o$,,circqlqg.cylinders in

compression:. Values of Kc ,CW b-e’taken from cur;e C ‘in

figure 7 for minimum values of the buckling, compressive
.

st”re~e “co-r”r’eSpTo”n’d~n-g-to:-~”a:ry:in”g, “r/$..”~.r&$$~O~S~. As a r’e-”’
suit of thee”e “t”edt’s,i“t”was .s’ug~est”ed”that vaiues of k~” ‘“

.-

for,,buckli:ng-b.en,d~ng stresses b,e,t+ak%en.3Q, to 80:,percent
h,igh”e.r.th-a.ri}oorr.esp.o.nding,~alue,~.~f. KO..:,:In the analy”sis,, t-
of these bending tests, it was concluded that the effect of
the” Lir r-ati”bon the strengthti’as” c“o~~l’ek”ely”.o’versliEdowed
.by the. eff,ec,to$.,.init~a> i,mp,erfe,ct$o~.stn,the::rang,?,tested
(L/r, Irom P.26. .t.o5..,c)).:~ ., . ... : .* . , . . —

..,, ,..
Ref.erring’,t~o.figu~+e .9, it,will be noted ..that the value

of“-‘b .“’%%a ‘Uch Sma.11.erPer’?.ent%~~.‘0$ Kc ,than.for” uir- —
cular cylinders, ~~is is not s~rpr~sing, since the web
and the out standinglegs, o.f the.channel, s:ection wrinkled
early in the tests and appeared to be taking very little
.of the loa,d y.hi.leover. 50p,ercent of’ the moment o.f inert i~-

.—
,.
of the sea.tion (I) is contributed by the bhannel, The D-
6ection cylinde~ is there fare a much les~ ‘efficient struc-
tural member than the circular cylinder for bending loads.

.,.. ., —
,. —



.Fi.gur.e 9..also ‘shows a very rriarked”:decrease+in strd”ngth,,
with, an, incr.ease i.n tha L/r.:”ratio~, I.t willbe noted~
however, that the. range is,gr.eqter.(.L/r .fro.m.2to 14) than
for the cylinders tpsted ~y Lundq.ui=st, ,,

For application to design .:pr.oblems,,it was cd.nsldered
most satisfactory to present+ .thes:e’results in the fo~n of
an interacti,,on curve. In or.de”r::to.dafi,ne this curve for a
,D-section oylinder of any. dim.qns:ions,.iti is necessary to
esta%lish its, strength .i’n.pur’e b.epd.ing (RB = 1),. and pure

torsion (.RT =,1) and.the eq.uatii.ogo.f~the intermediate

curve where the stress ratios RB and RT are defined aa
,...

follows: .: ,.,.

ST

‘T=~
,..,’. “.....

. . . .
.;,-e~+=. ‘“”- .-,. ,----,. :-.. .,’ .. ...... . . .. .

... . . ,“- ...,- -. ..’ . . .,“. . . .,,

..-. ,, . .. . .. ..4.. -,- -.

‘b “ unit befid’ing s:’t~eis”:-at “f”ailure’for; cy-~::ihd-er-’”fiub~ea-ted
“ t’:o.b”e.n’~ing.a”ldn”e,{~fiouuds p~r ‘“ti”quarein’o-h-’‘ “
,,..., ,..,., ..........:.,...-’- .~.; :.V .. ...,.

ST. unit sh.e.a,r”~~,~c~es,sat. f.a+.&u,r-.*.fOr~.”&Y$~~de P.:wb$e~.t.~d
., to cbmb,ine.dloadi.ng.i pounds” p,er,square, inch. -}.
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.

(1) The first sp~cimens were not as expertly fab-
ricated as later ones. While there were no perceptt- -
ble wrinkles, technique in using the rive-ti-n-ghammers
and bending tools was being acquired and small irregu-”-””--
larities and imperfections-may ha~e -resulted,

‘(2) The greater radius of cutivatiutiaof-these spec-
imens makes them more sensitive to small ;irnperfections
and eccentricities.

—

CONCLUSIONS . :

,.

1. The average %ucklin”g stress in pure tprsion of
the D-section tubes tested can be ,calcQa”te&”by applying
Donnellrs”formula to oir:ym~cribing circular cyI.inders of
the same dimensions and material”:

2. The average ~uckl”i~g atreas i.n pure ‘bending can

.-

. ——

.—

be computed with the formula: “
. .., .—. .-

‘b =KbE (E = modulus of elasticity of material). Kb

is given as a varying percentage of Kc with” %l-e- L/r

ratio as shown on figure 9 of this report, kc “in turn
.

is proportional to the buckling s~re~s of a circumscribe-d ‘-”’””-–-
circular cylinder of th”e same dimensions in direct compress-
ion as obtained from curve C of figure ‘7 in NACA Report
No. 473,

3, The average buckling efrength for D-eection cyl-
inders- subjected to ccmbined torsion and” pure ~endin.g
can be represented by an eauation of the fo’rm RBZ+RT”2 = i.

FL~ is the ratio of the average bending stress at failure .—

to the calculated stress in pure bending an”d RT “is the “.-=’-’=”

ratio of the average shearing stress at failure to the ca”l-
--

culated shearing stress. The minimu-m strength”in combin~d.. - ~
loading can practically be represented by the equation

RB?+~a = (0.88)2.
..

University of Maryland,
College Park, Md., April 1943, “ .:
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Spec.
No.

1

2

3

4

5

6

7

8

9

10

11

X2

13

,14

?

Tn.ner

Radiue

Tn.

2.53

u

n

n

n

u

U

n

w

n

II

u

1.5

n

b-.

TABULATION OF KESULTS

‘tJ)[isECTI’ON REPORT.

Effec-
Thick-, tive
ness Length
In. In.

1

.0115* 20.375

.0115

.O11o

.OIJ.5*

.0115*

,0109

.0110

.ol15*

.0112

.o1.12

.Q115*

.0115*

.o114

.0114

U

n

n

u

u

u

n

n

[I

u

u

9

9

,,..

int-

imate

T~~e

#

208

I-28

0

58

600

428

328

520

E?8

0

580

328

398

455

Cnt .

Bend.
ldoment
n~
#

1415

M345

1880

1484

165

422

1060

725

1845

1922

380

1220

293

99

900 5070

555 6610

0 6730

251 5320

2600 591

1850 1510

1420 3’790

2250 2600

555 6610

0 6900

2510 1360

1420 4360

4900 3195

5600 1079

Cal-ml.
Tcr-
Siol’ld
Stres

#/3n~

2338

2338

5180

:alcu,

51.2

51.2

I
I

1
Twque Bend.
Stress g~pe~~
Ratio Ratio

RT. RB

.383 .728

342 ● 947

0 I .964

.108 .76

1.3.2 I .086

.79 ] .219

.608 .549

.966
I

.372

.242 I ,947
0 I .987

1..07 I .196

..61 I .626

.942 .254

1.08
I

.087



Spec.

No.

15

16

17

18

19

20

21

22

23

24

25

26

27

28

mer
ladius

m.

1.5

!U

n

u

n

II

P

W

n

11

II

M

n

n

Thlck-

nesa
In.

.0114

.0116.

.0115

.0113

.0113

.0114

.0113

.011;

.0116

.0114

.01.17

.0116

*0113

.0117

b?fec-
tl-ve

ength

In.

9

n

n

n

II

II

n

n

n

n

n

n

n

n

. .

TABULATION OF RRSDi.TS

Ult1-
mte
orque
n ~#

o

455

328

375

352

306

228

341

33.4

0

0

0

398

285

Ult ●

Ewld.
[:nlyt

#

1130

99

548

488

714

784

913

592

1135

1070

1235

1230

524

738

Tbr-
Iional

8
;tre a
Ijtn

o

5600

4040

4620

4340

3760

2800

4200

1400

0

0

0

4900

3500

Rend .
Strese

#jL12

12260

1072

5950

5300

7750

8500

9900

6420

12310

11600

13400

13350

5680

8000

91 CU.

Tor-
Iional

;~;i’

Calcu.
Comp.
Stress

s$~g

23100

23100

23100

23100

—

%

p

—

55

55

6’5

55

Twque
stress

Rat 10

%

o

1.07

● 775

.88

.83

.7’7

.54

.81

.266

0

0

0

.95

.67

3end.
Wress
iatio
RB

● 97

.OEV

.47

.42

.62

,68

.78

.51

.97

. .92

1.06

1.05

.45

.63

I
1 I I I .I
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r
I

, Speed
No.

29

30

31

32

33

34

35

36

37

38

39

40

41

42

“,

inner
Radius

Ill.

1.5

n

u

u

n

n

n

n

n

❑

U

u

n

H

Thick*
ness
In.

.0117

.0182

.0181

.0183

.0182

.0180

.0185

.0181

.0184

.0181

.0181

.0184

.0180

.0113

TABULATIGN OF P& UI.TS

“DU SECTION REPORT

Mf e c- mti-
tive mate
Length Torqua

In. tt8
#

9 171

n o

n 3.250

n 1090

n 940

n 845

n 627

n 467

n 318

n 166

n 11!30

u o

n o

3 674

lJlt.
Bend.

Mcdneni
u#s

966

3400

326

1376

1835

1604

2476

3238

3057

3069

308

3170

3200

0

-—

fJ703?-

Sional
Stre s

#/inz

2100

0

9700

8450

‘7290

6550

4860

3620

2462

1210

9150

0

0,

8280

Bend.
stress

#jL2

10590

23300

2235

9.43(3

12580

11OOO

16950

22190

20900

21000

2110

21700

21900

0

I

Calou.
Tor.

Sional

:~y:

—.

9430

9430

9000

.—

Calcu.

Coulp.
Stress

SO+E

#/in2
-

38200

38200,

58200

—

KB

G

%
—

55

55

55

Torqu6
Stres:

Rat 10

RT

.41

1.03

.90

.77

.70

.51

.38

.26”1

.128

.97

0

0

.92

I

1“

—.

Bend.
Stress

Rat i o

‘B
—.

.83

1.11

.106

.45

.596

;524

.81

1.05

1.00

1.00

● 102

1.03

1.05

0

.



SPec s

No.

43

44

45

46

47

40

49

50

51

52

53

54

55

56

~er

?adlus
ho

1.5

n

M

U

n

r!

n

II

n

n

u

H

n

n

Thick-

ness

In.

.0116

.0116

.0118

.0117

.0116

● Cill’7

.0116

● 0114

.0115

.0115

.0113

.0116

.0115

.0115

]ffec-

tlve

Length

m.

3

3

:

3

6

6

12

u

15

15

20

20

9

9

Ult i-
mat e
!w que
us
#

TABULATION OF RESULTS

‘Dn SECTION REPORT

696

627

0

0

0

535

421

0

0

444

306

0

445

466

mt. Tor-
Bend. Sional

Moment ,Stres
us
# #/in$

o

0

1384

1348

1258

0

0

1082

1046

0

0

9’30

0

0

8560

‘7720

o

0

0

6570

5180

.0

0“

5450

3765

0

5470

5740

Bend,
Strem

#ptiz

o

0

15100

14690

13700

0

0

11800

1.I.400

o

0

10800

0

0

Jalcu.

Tor-
310nal
$tres

z#/In

9030

9000

6370

4500

4020

3495

5180

5180

Cal cu.
Comp.

Stress

‘$.:~~

,,

23100

23100

23M0

23100

23100

23100

2 %yo%RT

.95

.86

64.5 0

64.5 0

59.5 0

1.03

1.15

51.5 0

49 0

1.35

1.07

52 0

1.06

1.11

~ The thiclmess of these 5 )ecbuens was not measured so average values were assumed.

Bend.
stress

Ratio
RB

o

0

1.01

.98

1*OQ

o

0

1.00

1.01

0

0

.997

0

0
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NACA Technical ITote No.904
Figs. Zb,3
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Figure 2b.- Cleneral arrangement of teat machine.

l?i~e 3.- Speoimens subsequent to test.
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NAC!A Technical Mote No.904 Fig.

Figure 4$, b).- Two views of failure in pure ,bending.
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Figure E+,b).-Two views of failure in pure torsion.
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Fi~8 6.- Use of a Tuokermsqoptioal Strain gauge in deter-
minationof the modulus of elasticityof the

sheet.The pin ended olampswere used to Insureagainst
eooentrioltyof the applied load.
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I I 1

~ from curve C, technical report No, 473 .

for circurascrihingc,ircularcylinders in
compression
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I?igure9.- Effect of-$ ratio on
str~n)gtiilQ ~ure

bending.
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